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this study was to characterize this agr/fnbB-negative livestock-associated MRSA strain in 31 terms of growth, hemolysis, and adhesive capacity, and to provide data on its genomic 32 background. To this end, growth curves and hemolysis patterns were generated and adhesion 33 assays on human keratinocyte and porcine nasal mucosa cell lines were performed. Whole 34 genome sequencing was used to determine the nature and extent of the relevant deletions in 35 the livestock strains. For comparison, an agr-positive, fnbB-negative CC398/t2741 strain 36 from the same pig herd, an agr/fnbB-positive CC398/t034 strain from another pig herd, and 37 one human MRSA strain and its isogenic Δagr knockout mutant were used. The agr-negative Staphylococcus aureus and acquired methicillin resistance during the host jump, at the same 53 time losing genes important for colonization and infection in humans [5] . Even though LA-54 MRSA of CC398 lack important virulence factors, they have been suggested to exhibit an 55 enhanced ability to acquire virulence factors through mobile genetic elements [6] . 56
Transmission of CC398 from animals to humans has been described and occupational 57 exposure to pigs was shown to increase nasal carriage rates (pig farmers: 20-86%; 58 veterinarians: 4.6-45%) compared to the general population (0.8-3%) [2, 4, [7] [8] [9] [10] [11] [12] [13] [14] . In addition, 59
in recent years, there have been an increasing number of reports of MRSA CC398 strains 60 causing invasive infections in humans without contact to livestock [15] [16] [17] [18] . Therefore, the 61 
Growth parameters

97
Single colonies were transferred from 5% sheep blood agar to 50 mL of Luria Bertani 98 (LB) broth (Becton Dickinson, Allschwil, Switzerland) and grown for 24 h at 37°C (225 99 rpm). Growth of all strains in LB was determined by viable cell counts after 3 h, 6 h, 9 h, and 100 24 h using 10-fold dilution series and plate count agar (Sigma-Aldrich, Stockholm, Sweden), 101 with incubation at 37°C for 18-24 h. Growth parameters such as exponential phase growth 102 rate and maximum cell density were determined using DMFit 3.0 [29] . 103
104
Hemolysis
105
Screening for hemolytic activity was performed as previously described [30] . Briefly, 106 alpha-and delta-hemolytic activity was determined by perpendicular streaking to the beta-107 hemolysin producing S. aureus reference strain RN4220 on 5% sheep blood agar and 108 incubation over night at 37°C. In this assay, beta hemolysis results in a turbid zone. Alpha 109 hemolytic activity of the test strain is inhibited by beta hemolysis of RN4220 where the 110 strains intersect. Delta hemolysis of the test strain is synergistic with beta hemolysin of 111 RN4220, resulting in an amplified zone of clearing where the strains intersect [31] . Gamma 112 hemolytic activity cannot be detected in this assay, as it is inhibited by agar [32] . Subsequent 113 cold shock (exposure to 4°C for 12h) was used to determine beta-hemolysis activity. WebACT (http://www.webact.org/). Resulting assemblies comprise 28, 25 and 27 scaffolds 166 respectively, with scaffolds under 1kb, which did not match the reference, excluded. Target 167 coding sequences (CDSs) involved in adhesion were identified and analysed in all genomes 168 using ACT and, where necessary, single CDSs were aligned using ClustalW. The phylogeny 169 was generated in http://wgsastaging.pathogensurveillance.net/ using available assembled 170 CC398 genomes for context [6, [38] [39] [40] [41] [42] . Antibiotic resistance phenotypes were also predicted 171 using this online tool. 172
All read data and assemblies have been deposited with ENA under project number 173 (PRJEB14187). 174 175 11
Results
176
Growth parameters
177
No statistically significant differences were observed between growth of the five 178 strains in LB broth with regard to exponential phase growth rate or maximum cell density 179 (Fig. 1) . However, the naturally agr-negative LA-MRSA Fin47_H17 exhibited the lowest 180 exponential phase growth rate (μ max = 0.50) compared to all other strains (μ max = 0.51-0.57). 181
Fin47_H17 also reached the lowest maximum cell density (8.97 log CfU/mL) compared to all 182 other strains tested (9.70-9.91 log CfU/mL). (Fig. 3) . To minimize cytotoxicity, a trial experiment was performed 204 on PT-K75 cells with an MOI of 1: cytotoxic effects were still observed (data not shown). In 205 contrast, neither the naturally agr-negative porcine LA-MRSA strain Fin47_H17 nor the 206 human-associated MRSA strain MN10 and its isogenic agr knockout mutant induced any 207 morphological changes in the PT-K75 cells (Fig. 3) . 208
Counts of adherent bacteria revealed that the agr-negative strains Fin47_H17 and 209
MN10_Δagr displayed increased adhesive capacity in both human HaCaT and porcine PT-210 K75 cells (Fig. 4) In the naturally agr-negative LA-MRSA Fin47_H17, a deletion of 3,789 bp covering hlD, 242 agrB and agrC (Fig. 5A ) was identified. In both this strain and the closely related strain 243 Fin46_H17, a further deletion completely removing fnbB was detected that leaves the 244 adjacent fnbA intact (Fig. 5B) . However, as fnbB in both Fin48_H18 and reference strain 245 S0385 is truncated after 349 amino acids with a single nucleotide mutation causing a 246 premature stop codon, the functional relevance of this is unclear. 247
Genes associated with adhesion were investigated within the genomes (S2 Table) . Such genes 248 often have varying repeat lengths, and this was identified in these strains in the genes: spa, 249 sdrC and the hypothetical protein encoding CDS SAPIG1791; with the further genes coa, 250 sdrD, clfA, clfB, ebhA and cna almost identical between the three porcine LA-MRSA strains, 251 but variable in comparison to homologues in S0385. The vwb gene, encoding a secreted von 252
Willebrand factor-binding protein, was found to be absent at the equivalent chromosomal 253 locus in Fin48_H18, with a 13.7 kb deletion covering this region. All other genes investigated 254 were found to be identical or almost identical to those in S0385 (eno, isdB, isdA, ecb, fib, 255 ebpS, map, sdrH, agrA, isaB) . 256
The strains carry alternative complements of plasmids and phage (S2 Table) at slaughter. They found that CC398/t2741 strains were predominant among the isolated LA-273 MRSA. Interestingly, one of the isolated strains (Fin47_H17) did not harbor genes from the 274 agr locus. In this study, we determined the genomic basis of this loss of agr and its effect on 275 growth, hemolytic activity, and adhesive capacity to human and porcine cell lines. 276
Loss of agr did not result in altered growth parameters, but had a strong impact on 277 hemolytic activity consistent with previous studies suggesting that expression of alpha and 278 delta hemolysins is strongly induced by agr [30, 31] only led to cytotoxicity in the porcine cell line could be due to host-specific factors 296 influencing susceptibility to alpha hemolysin [54] . 297
Whole genome sequencing revealed that the fnbB gene in Fin48_H18 is truncated, potentially 298 impairing functionality of FnBPB, whereas it is fully deleted from the genomes of strains 299 Fin47_17 and Fin46_17. We observed no significant differences concerning adherence to 300 porcine cells of Fin48_H18 and Fin46_17. For strain Newman, it has been suggested that 301 truncation of fnbB was transferred to fnbA, resulting in complete secretion FnBPs to the 302 culture medium and loss of cell wall anchor function [55] . Consistent with these findings, 303 reduced adhesive capacity of a fnbAB mutant to HaCaT cells has been described [56] . 304
We observed no significant differences in adhesive capacity between porcine and 305 human MRSA apart from the described influence of agr. 
Conclusion
316
We were able to show that the recently reported naturally agr-negative and fnbB-negative 317 LA-MRSA strain Fin47_H17 exhibits high adhesive capacity to porcine and human cells. 
